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 Summary
In the oasis of Tozeur (Tunisia) a peculiar date 
palm ploidy chimera was discovered, showing a dip-
loid (2n = 2x) and a tetraploid (2n = 4x) sector and 
a uniform tetraploid offshoot. This chimera allowed 
to describe the effects of chromosome doubling on 
some selected features. Because both ploidies occur 
within one plant, there was no environmental bias. 
Tetraploid leaves are longer, bear larger leaflets and 
spines and have a thicker rachis than normal diploid 
leaves. During three seasons, tetraploid inflorescenc-
es appeared ten days later than their diploid coun-
terparts. The tetraploid sector formed bunches with 
stalks bearing larger fruits, with a higher percentage 
of inedible parthenocarpic fruits, than bunches that 
arose from the diploid sector. Tetraploid fruits are 
significantly longer, wider and heavier than diploid 
fruits, with a larger pulp diameter, irrespective of 
whether they are seeded or parthenocarpic. Diploid 
parthenocarpic fruits are longer than seeded fruits, 
while tetraploid parthenocarpic and seeded fruits 
both show the same size. The occurrence of tetraploi-
dy opens new perspectives in date palm breeding. 
Pollination of tetraploid pistils with pollen from dip-
loid males gave rise to a relatively low number of trip-
loid plantlets, suggesting a triploid block.
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Significance of this study
What is already known on this subject?
• Tetraploidy in palms in general is very rare. The effects 
in date palm were never described before.
What are the new findings?
• A lucky discovery of a date palm ploidy chimera which 
produced a uniform tetraploid offshoot allowed to 
describe the effects of chromosome doubling on 
leaves, inflorescences and fruits. Also the effects on 
parthenocarpic fruits, which are often produced after 
insufficient pollination, are treated.
What is the expected impact on horticulture?
• In the future, tetraploid male date palms must be 
either found or raised, because their pollen will 
likely lead to better fertilization of tetraploid flowers. 
This could lead to a higher yield of longer, wider and 
heavier fruits, with good organoleptic characteristics 
and a high phenolic content. These features make 
them very promising for worldwide markets.
Introduction
For millennia, the oases at Tozeur and Kebili in southern 
Tunisia have served as an ideal environment for growing 
date palms. The area combines extreme high temperatures, 
intense sunlight and plenty of groundwater. Local farmers 
have gained valuable experience with more than 250 culti-
vars, which have been described by Rhouma (1994). Despite 
great in situ genetic biodiversity, the main cultivated variety 
is ‘Deglet Noor’. Through offshoot propagation, 40,000 ha 
of this cultivar are currently being grown locally. The mas-
sive number of available trees (about 3.5 million) offers an 
ideal opportunity to discover interesting off-types. Recently, 
attentive farmers discovered a peculiar date palm with an 
offshoot that partially showed larger leaves and larger fruit 
than normal ones. Those fruits were either seeded or parthe-
nocarpic seedless. In date-producing areas today, partheno-
carpic dates are not highly appreciated and are used as ani-
mal food. Polyploidy is rare in the palm family, except for the 
four species Arenga caudata, Rhapis humilis, Jubaeopsis caf-
fra and Voanioala gerardii (Arunachalam, 2012). Tetraploidy 
induction in palms was restricted to oil palm, by applying 
colchicine and oryzalin to germinating seeds (Madon et al., 
2005) or colchicine to secondary somatic embryos (Te-cha-
to, 2012). The latter reported that tetraploid plantlets had 
thick, dark green leaves. The purpose of this research was 
first, to test the hypothesis that this plant is a ploidy sectorial 
chimera, and second, to use this spontaneous mutant and its 
attached offshoot to clarify the effect of chromosome dou-
bling on leaf, fruit and seed morphology. Although Mason de-
scribed a putative sectorial ploidy chimera in 1930, this is the 
first detailed report of a proven sectorial ploidy chimera and 
the effects of tetraploidy.
Materials and methods
Tissue sampling
In February and October 2016, leaflets and fruits from 
defined zones of the abnormal date palm of the variety ‘De-
glet Noor’ (Figure 1) were sampled for ploidy measurements. 
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Small and large leaflets were taken from the main trunk and 
large leaflets from its offshoot. Normal or large sized seeded 
(ripe) fruits were sampled from clearly defined sectors, as 
well as seedless (parthenocarpic) fruits from homogenous 
or mixed fruit stalks. Leaves were also taken from seedlings 
derived from seeds from standard and large fruits of the date 
palm. During transport, the tissues were conserved in poly-
ethylene bags and kept fresh in a cool box under refrigera-
tion for three days before ploidy analysis.
Ploidy analysis
Ploidy analysis was performed by means of flow cy-
tometry (Leus et al., 2009) using a CyFlow Space (Sysmex, 
Münster, Germany) flow cytometer equipped with a UV Light 
Emitting Diode and Flomax 2.9 software (Quantum Analysis, 
Münster, Germany) to determine peak positions on the ac-
quired histograms. Sample preparation involved chopping of 
leaf tissue (according to Galbraith et al., 1983) and sample 
preparation including 4’, 6-diamidino-2-phenylindole (Sig-
ma-Aldrich, Belgium) staining, according to Otto (1990). As a 
reference, standard leaf material of a diploid date palm was 
used. Three samples were examined per plant tissue (Ta-
ble 1). A ploidy histogram of a co-chopped sample composed 
of a normal (2x) fruit, a leaf from a triploid seedling and a 
large (4x) fruit illustrates a clear peak separation (Figure 2).
Morphological observation and measurements
The emergence date of the inflorescences and the fruit 
maturation date of the two sectors of the studied date palm 
were noted during 2015, 2016 and 2017. Pictures were tak-
en from the leaves, young inflorescences, rachis and fruit 
stalks of the main trunk and the offshoot.
Tetraploid, tetraploid/diploid, and uniform diploid 
leaves were cut from the basal crown. Following plant mor-
phology parameters were monitored using a measuring tape 
and a sliding caliper: leaf length, thickness of the rachis and 
width of the palm at the base of the petiole, average num-
ber, maximum thickness and maximum length of the spines. 
For the apical leaflet, number, maximum thickness and max-
imum length of leaflets, length and width were measured. 
Fruit length, diameter and weight were measured, as well as 
pulp thickness and perianth diameter on 30 seeded or par-
thenocarpic fruits from diploid or tetraploid sectors. Seed 
length, diameter and weight were determined on 30 seeds of 
fruits from diploid or tetraploid sectors.150 Fruits from both 
diploid or tetraploid sectors were opened for examining the 
presence of seeds.
Chemical analysis of fruits
Sugar composition of date fruits was determined based 
on Aguayo et al. (2006), using an analytical HPLC (Merck Hi-
tachi, Darmstadt, Germany) equipped with a refractive index 
detector (Hitachi, L-7490 model, Tokyo, Japan), L7100 pump, 
a Hitachi L7200 automatic sample injector and a LiChroCART 
250-4 Purospher STAR NH 2 column (Merck, Darmstadt, Ger-
many). Extracts were obtained from 10 g (f.w.) fruits ground-
ed with a mortar in 50 mL of hot water at 100°C. The homog-
enates were then centrifuged at 4°C for 10 min at 15,000× g 
to obtain the extracts. A 20 µL extract sample was injected 
using a mobile phase of 85:15 acetonitrile:water (Merck, 
Germany) at a 1.5 mL min-1 flow. The sucrose, glucose and 
fructose concentrations were determined by means of stan-
dards. Results were reported as g sugar 100 g-1 fresh weight 
(f.w.). All extracts were analyzed in triplicate.
To determine the total concentration of phenolics, fro-
zen samples with liquid nitrogen (0.5 g) of fruit, grounded 
with a mortar, were diluted with 3 mL MeOH and maintained 
in darkness and on ice for extraction during 1 h on a shak-
er. The homogenates were centrifuged at 4°C for 10 min at 
15,000× g and the supernatant was used for further anal-
ysis. The amount of total phenolics was determined using 
the Folin-Ciocalteu reagent based on Artés-Hernández et al. 
(2010). Briefly, an aliquot of 19.2 µL extract of the superna-
tant was mixed with 29 µL of Folin-Ciocalteu reagent (1:10, 
v/v diluted with MilliQ water) and 192 µL sodium carbon-
ate (20%, w/v). The mixture was incubated for 1 h at room 
temperature in darkness (without shaker). The extracts are 
centrifuged at 4°C for 10 min at 15,000× g for clarification. 
Subsequently, absorption was measured at 750 nm (Hewl-
ett Packard 8453, UV–vis spectrophotometer, Columbia MD 
USA). Total phenolic concentration was expressed as gallic 
acid equivalents (GAE) in g 100 g-1 f.w. All extracts were ana-
lyzed in triplicate.
The total antioxidant activity of the date fruits was as-
sayed based on the evaluation of the free radical scaveng-
ing capacity, according to Artés-Hernández et al. (2010). 
A solution of 0.7 mM 2,2-diphenyl-1-picrylhydrazil (DPPH) 
was prepared 2 h before the assay. Its absorbance at 517 nm 
was adjusted to 1.1 ± 0.02. Immediately before using meth-
anol, an aliquot of 21 µL of the extracts obtained from the 
preparation of phenolic compounds was added to 194 µL 
of this solution. The mixture was incubated in darkness at 
room temperature for 50 min. The antioxidant activity was 
measured by decreasing the absorbance at 517 nm (Tecan 
Infinite M200, Männedorf, Switzerland). The results were 
expressed as g ascorbic acid equivalent antioxidant capacity 
(AEAC) per 100 g fresh weight. All measurements were made 
in triplicate.
Color of leaflets
For color monitoring, a color-difference meter (Minol-
ta CR 300, Ramsey, NJ, USA) was used (C standard C.I.E. il-
lumination, 0° viewing), and the results were expressed as 
CIELAB color space units. The mean values for the lightness 
(L), red/green coordinate (a), and blue/yellow coordinate 
(b) parameters were calculated for large and normal leaflets 
at ten sites on their surface, according to CIE (1976).
Hybridization
In 2014, 2015 and 2016, flowers of the aberrant part of 
the main trunk were pollinated by Abd1, P7 and P8 males 
that were known for good fertility (Othmani et al., 2017). 
The method consisted of placing strands of male flowers of 
Abd1, P7 and P8 either apart or together between those of 
the female inflorescences. Male and female flowers were cov-
ered with ‘craft’ paper before anthesis until after pollination 
to avoid cross-pollination. In those three years, 3,515, 3,420 
and 2,010 ripe fruits were harvested seven months after pol-
lination. Germination of the obtained seeds required soaking 
them in a solution of sodium hypochlorite (20%) for 24 h 
followed by transfer to an empty Petri dish containing three 
sterile filter paper disks soaked in water and placed in a cul-
ture room at 28 ± 2°C with 16/8 h photoperiod and 80 μmol 
m-2 s-1 white fluorescent light for 3 weeks.
Statistical analysis
Except otherwise indicated, all parameters were deter-
mined on three samples. Averages of these three samples 
are presented. Statistical analysis was performed with SPSS 
(version 25). Analysis of variance (ANOVA) and Tukey’s B 
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Figure 1.  The aberrant date palm with a smaller off type 
offshoot at the left side.
Table 1.  Ploidy level of the different zones of the date palm 
and its offshoot with altered phenotype.
Description Ploidy (2n)
Large leaf from the main trunk 4x
Normal sized leaf from the main trunk 2x
Normal sized fruit from the main trunk 2x
Normal sized parthenocarpic fruit from the main trunk 2x
Normal edible fruit from the fruit stalk with mixed types 
of fruits
2x
Normal sized parthenocarpic fruit from the fruit stalk 
with mixed types of fruits
2x
Large edible fruit from the fruit stalk with mixed types 
of fruits
4x
Large parthenocarpic fruit from the fruit stalk with mixed 
types of fruits
4x
Leaflet from off-shoot 4x
Fruit from off-shoot 4x
Leaf from a seedling issued from a large seed from 
 a mixed fruit stalk
3x
Leaf from a seedling issued from a normal sized seed 
from a mixed fruit stalk 
2x
Leaf from a seedling issued from a normal seed from 
the main trunk
2x
Figure 2.  Ploidy histogram of a 
co-chopped sample composed of: 
(A) a normal (2x) fruit, (B) a leaf 
from a triploid seedling and 
(C) a large (4x) fruit, showing a 
clear peak separation.
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test 5% probability or independent-samples t-test (5%) 
were applied in order to evaluate the influence of ploidy lev-
el on morphological and physicochemical parameters of date 
palm.
Results
Ploidy analysis
The results of the ploidy analysis are presented in Ta-
ble 1. The derived histogenic composition of the tree is sche-
matized in Figure 3. The main shoot had a diploid and tetra-
ploid sector characterized by diploid or tetraploid leaves and 
fruits. The offshoot was completely tetraploid. The normal 
sized fruits were diploid and the large ones were tetraploid. 
Further, mixoploid fruit stalks could be distinguished be-
cause they contained a combination of both normal diploid 
and larger tetraploid fruits. The large fruits contained small 
or large seeds. Only the large seeds germinated and they pro-
duced triploid seedlings. An embryo was lacking in the small 
seeds.
Effect of ploidy doubling
Tetraploid leaves are longer, bear larger leaflets and 
spines and have a thicker rachis than the diploid leaves. The 
mixoploid leaves show two different halves, showing either 
large or normal leaflets and spines. Parameters of normal, 
large/normal and large leaves are presented in Table 2. Col-
or parameters of normal and large leaflets are provided in 
Table 3. The ploidy level had no significant effect on lumi-
nosity. The values for parameter a and b indicate that tetra-
ploid leaflets were darker green and more blue than diploid 
leaflets.
During three successive years, tetraploid inflorescences 
appeared 11.7 ± 1.8 days later than the diploid equivalents 
and tetraploid fruit maturation initiated 10.3 ± 1.1 days later 
than diploid fruit. Tetraploid flowering stems have a round 
section, in contrast with the ellipsoid sector of diploid flow-
ering stems. The mixoploid flowering stem consists of two 
different colored sectors. The ellipsoid diploid sector is char-
acterized by a lemon yellow color; the round tetraploid sec-
tor is more greenish.
3x 2x2x
4x
2x
4x
4x
2x
Figure 3. Schematic drawing of the ploidy of 
the different zones within the chimera (dark 
green 2n=4x, light green 2n = 2x, yellow 
2n = 3x).
Table 2.  Morphological parameters of diploid, mixoploid and tetraploid leaves.
Leaves Diploid Mixoploid Tetraploid
Leaf length (cm) 375.2 a 379.7 a 389.6 b
Thickness of the rachis (cm) 2.6 a 3.5 b 3.9 c
Leaf width at the base of the petiole (cm) 23.8 a 25.9 a 26.8 a
Average number of spines 36 c 31 a 32 b
Maximum thickness of spines (cm) 0.61 a 1.23 b 1.3 b
Maximum length of spines (cm) 21.4 a 23.8 b 24.0 b
Number of leaflets (pens) 149 c 139 b 129 a
Maximum width of leaflets in the middle of the palm (cm) 1.4 a 2.2 b 2.3 b
Maximum length of the leaflets in the middle of the palm (cm) 56.2 a 56.5 a 58.7 a
Length of the apical leaflet (cm) 33.6 a 37.5 b 47.6 c
Width of the apical leaflet (cm) 1.3 a 1.4 a 1.6 a
Within one row, means followed by the same letter are not significantly different (Tukey 5%).
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Three types of fruit bunches were formed. The diploid 
sector gave rise to bunches bearing normal sized fruits. 
The tetraploid sector formed bunches with larger fruits and 
the mixoploid sector a mixed bunch type (Figure 4A). Both 
normal sized diploid and large tetraploid fruits were either 
seeded or parthenocarpic. The flowers of the 2x sector were 
usually well pollinated and produced normal sized seeded 
fruits. The majority of the tetraploid fruits however, was par-
thenocarpic. Fruit morphology is illustrated in Figure 4B–D 
and parameters of fruits and seeds taken from diploid and 
tetraploid bunches are presented in Table 4. Tetraploid fruits 
were significantly longer, wider and heavier than diploid 
fruits, with a larger pulp diameter, irrespective of wheth-
er they were seeded or parthenocarpic. Parthenocarpic 
tetraploid fruits were longer than seeded tetraploid fruits 
and had a larger perianth. For diploid fruits this was only 
the case for the perianth length. Seeded fruits were always 
heavier but didn’t necessarily have a larger fruit pulp diam-
eter. In fact, tetraploid parthenocarpic fruits had more pulp 
than tetraploid seeded fruits, despite a lower total weight. 
The seeds of diploid fruits had a larger diameter and were 
heavier than seeds from tetraploid fruits. Sugar and total 
concentrations and antioxidant activity of edible normal and 
large fruits are presented in Table 5. Tetraploid seeded fruits 
contained more of the monosaccharides glucose and fruc-
tose, while their diploid counterparts held four times more 
sucrose. Moreover, polyphenols were slightly higher in tet-
raploid fruits.
Triploid offspring
The majority of the fruits (99%) produced by the tet-
raploid plant part, after being pollinated with the pollen of 
the diploid males, was parthenocarpic. As a result, the fruits 
were inedible and their seeds were small and infertile. The 
tetraploid offshoot did also produce a limited number of 
edible fruits. Only 34% of them contained normal seeds, of 
which 66% germinated. Finally, an average of 0.28% of all 
fruits produced by the 4x offshoot yielded triploid plants. No 
tetraploid plants were recorded.
Table 3.  Color parameters of leaflet (CIELAB: L: lightness, 
a: red/green coordinate and b: blue/yellow coordinate). 
Data are expressed as means (n = 3). Means with different 
letters are significantly different (p ≤ 0.05) according to the 
independent-samples t-test (5%).
Leaf type L a b
Diploid leaflet 46.61 a -11.28 a 14.83 a
Tetraploid leaflet 47.92 a -10.35 b 18.15 b
Within one column, means followed by the same letter are not 
significantly different: independent-samples t-test (5%).
1            2               3               4     5
A B
C D
Figure 4.  Fruit bunch and fruits. A: Left: fruit bunch with uniform seeded brown 2x fruits; right: mixoploid bunches with 4x 
parthenocarpic green and 2x seeded brown fruits. B: Seeded 4x (left) and 2x (right) fruits at ‘tamar’ stage (bar = 5 cm). 
C: Morphology of different fruit and seed forms produced by the date palm chimera (top: 4x and bottom: 2x). (1) seeded fruits 
at ‘tamar’ = ripe stage; (2) seeded fruits at ‘khalal’ stage (start ripening); (3) parthenocarpic fruits; (4) seed ventral side; and 
(5) seed dorsal side. D: Fruit stalks bearing uniform normal edible (left), uniform large inedible (right) and mixed normal 
edible and large inedible fruits (middle two) (bar = 5 cm).
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Discussion
Ploidy chimera
Taking into account the results reported above, this par-
ticular phenotypic variant of date palm is a ploidy chime-
ra. Flow cytometry (Dolezel et al., 2007; Leus et al., 2009) 
proved to be a suitable and fast method to determine the 
ploidy level, even of hard leaves and ripe, partly dried fruits. 
Ploidy measurements were related to the morphology of 
leaves, flower stalks, fruit bunches and fruits. This chimera 
is composed of a diploid and a tetraploid sector which ex-
tend longitudinally alongside one another. The diploid sector 
represented the morphological characteristics of the ‘Deglet 
Noor’ date palm. The tetraploid sector has specific morpho-
logical characteristics that were also observed in the uniform 
tetraploid offshoot.
A careful inspection of this plant allows an educated guess 
about the origin and nature of this special plant that, several 
years ago, also started as an off-shoot. The relatively large 
tetraploid sector suggests that a spontaneous chromosome 
doubling happened at a very young developmental stage; 
it was probably situated in the meristem when it was form-
ing an axillary bud at the base of the mother plant. Hence, 
while developing into an offshoot, the tetraploid sector was 
already present. The young chimera was separated from the 
mother plant using classical clonal propagation and was sub-
sequently rooted and planted. The tetraploid sector occupies 
about the half of the meristem and extends through all cell 
layers. The two sectors managed to maintain their identity 
during many years of coexistence. Even now the apical shoot 
tip very likely contains both cell lines. A new sucker originat-
ed from the tetraploid sector. It is uniformly tetraploid and 
can be used for further cloning of 100% tetraploid ‘Deglet 
Noor’. The chimera itself cannot be propagated. This would 
require offshoots that originate from two cells which each 
belong to one of the layers, an extremely rare event. Spon-
taneous induction of polyploids in the meristematic as well 
as non-meristematic tissue through mitotic polyploidization 
has been also reported in several plant species as reviewed 
by Comai (2005) and Soltis et al. (2015).
Effect of tetraploidy
Beal (1937) described the chromosome numbers of both 
male and female date palms as being identical, 2n=36. Ouar-
da et al. (2014) examined genome size in the Tunisian culti-
vars of P. dactylifera. They concluded that all are diploid, with 
a mean DNA content between 1.73 and 1.80 pg/2C. Although 
Salman et al. (1988) described a case of polyploidization in 
micropropagated date palm, naturally occurring polyploidy 
and its effects have never been studied or previously report-
ed in date palm (Al-Ani, 2010). Our results show that tetra-
ploid date leaves are longer, bear larger leaflets and spines 
and have a thicker rachis than the diploid leaves. Diploid 
flower stalks have an ellipsoid transversal sector, colored 
lemon yellow, while the tetraploid flower stalks have a round 
transversal sector and are more greenish in color. These fea-
tures are easily observed. They contrast with oil palm where 
leaves of tetraploid plantlets were actually shorter and rel-
atively wider than diploid plantlets (Te-chato, 2012). Tetra-
ploid date fruits are significantly longer, wider and heavier 
than diploid fruits, irrespective of whether they are seeded 
or parthenocarpic. Seeded fruits are always heavier but do 
not have a larger fruit pulp diameter. The seeds of diploid 
fruits have a larger diameter and are heavier than seeds from 
tetraploid fruit containing a triploid embryo. The change of 
morphological characteristics caused by an altered ploidy 
level is common in other plant species, as described for ex-
ample in apple (Hias et al., 2017), Spathiphyllum wallisii (Van 
Laere et al., 2011), Hydrangea macrophylla (Keri et al., 2007), 
Lilium spp. (Okazaki and Hane, 2005) and plantain and ba-
nana (Vandenhout et al., 1995). Larger fruit sizes have been 
observed in tetraploid Vitis spp. (Notsuka et al., 2000) and 
Chaenomeles japonica (Stanys et al., 2006). The tetraploid 
offshoot appeared to be more robust and developed great-
er biomass and larger organs than the diploid mother plant. 
These characteristics could be attributed to the larger num-
ber of gene copies (Sattler et al., 2016). This result is con-
sistent with the observations made by Stebbins (1950) and 
Ye et al. (2010), who found that polyploidization generally 
increases cell size and leaf area. However, increased size is 
not always observed in all organs of tetraploid plants. For in-
Table 4.  Parameters of diploid and tetraploid seeded (edible) and parthenocarpic (inedible) fruits and their seeds.
Fruit 
length 
(cm)
Fruit 
diameter 
(cm)
Fruit 
weight 
(g)
Pulp 
thickness 
(cm)
Perianth 
diameter 
(cm)
Seed 
length 
(cm)
Seed 
diameter 
(cm)
Seed 
weight 
(g)
Seeded 2x fruits 4.0 a 1.6 a 12.9 b 0.37 a 0.52 a 2.2 a 0.37 b 0.87 b
Parthenocarpic 2x fruits 4.1 a 1.8 b   6.1 a 0.41 ab 0.89 d - - -
Seeded 4x fruits 4.4 b 2.1 c 17.9 d 0.45 b 0.66 b 2.4 b 0.29 a 0.61 a
Parthenocarpic 4x fruits 5.0 c 2.2 c 15.5 c 0.62 c 0.77 c - - -
Within one column, means followed by the same letter are not significantly different: fruit parameters: Tukey (5%), seed parameters: independent-
samples t-test (5%).
Table 5.  Concentration of sugar and total polyphenols and antioxidant activity of seeded (edible) diploid and tetraploid fruits 
(g 100 g-1 f.w.).
Fruit Total sugars Glucose Fructose Sucrose Total polyphenols(mg GAE 100 g-1)
Antioxidant activity
(mg AEAC 100 g-1)
Seeded 2x 35.83 a   7.92 a   8.68 a 19.23 b 52.32 a 64.41 a
Seeded 4x 29.52 a 11.35 a 13.06 a   5.11 a 67.13 b 69.69 a 
Within one column, means followed by the same letter are not significantly different: independent-samples t-test (5%).
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stance, in tetraploid apple plants, leaf length and size were 
less than observed in diploid counterparts, which could be 
correlated to their lower cell density (Hias et al., 2017). Tet-
raploid date inflorescences appeared 11.7 ± 1.8 days later 
than their diploid counterparts and tetraploid fruit matu-
ration was initiated 10.3 ± 1.1 days later. Okazaki and Hane 
(2005) reported that differences in ploidy could have a clear 
impact on physiological traits. Tetraploid leaflets are green-
er and more bluish than diploid leaflets. Similarly, Allario et 
al. (2011) noted that in citrus, tetraploid leaves are darker 
green, which could be explained at least partially by their 
higher pigment concentration.
Parthenocarpy
After fertilization, tetraploid dates are edible and contain 
triploid seeds. But fertilization by diploid pollen was rarely 
successful, leading to an overwhelming majority of parthe-
nocarpic fruits. This finding has been confirmed in some oth-
er species, e.g., in grape, were the number of seedless berries 
increases as the ploidy level rises from diploid to tetraploid 
(Sarikhani and Wakana, 2009). Sattler et al. (2016) pro-
posed that this is caused by meiotic errors, resulting in seed 
abortion and seedless fruit development. Parthenocarpy is 
a problem, not because of the lack of seeds, but because of 
the retarded ripening and poor pulp taste. In date-producing 
areas today, parthenocarpic dates are not highly appreciated 
and are given to animals as fodder. Remarkably, among the 
dates found at Tutankhamun’s tomb, a significant proportion 
of them were parthenocarpic fruits, leading to the hypothe-
sis that these may have been appreciated as food in ancient 
Egypt (Terral et al., 2012).
Triploid plants
Triploid plants were obtained after hybridization of a 
diploid egg cell (n = 2x) of the tetraploid sector and a pollen 
nucleus (n = x) of the diploid males with a very low frequen-
cy. The endosperm supports development of the embryo and 
is crucial for viable seed formation. In particular, deviations 
from the ratio of one paternal to two maternal genomes can 
cause endosperm failure and a triploid block (Köhler et al., 
2010). The morphology of the obtained triploid date palm 
will be studied further while they continue to grow and start 
to flower. Especially the occurrence of seedless triploid fruits 
and their characteristics and consumption quality will be im-
portant to examine.
Conclusion and prospects
This female ploidy chimera enabled, for the first time, to 
describe the effects of chromosome doubling in date palm. 
Tetraploid plant parts such as leaves, flower stalks, and fruits 
can easily be recognized by their larger size and distinctive 
color. The failure of fertilization of tetraploid female flowers 
by pollen of diploid father plants leads to parthenocarpic 
fruits of low quality. Nevertheless, a limited number of trip-
loid seeds could be harvested and the obtained seedlings will 
permit further analysis. In the future, tetraploid male date 
palms must be either found or raised, because their pollen 
will likely lead to better fertilization of tetraploid flowers. 
This could lead to a higher yield of large-seeded fruits with 
good organoleptic characteristics and taste, and a higher 
phenolic content.
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